Abstract. The interactions of chlorotetracycline (CTC) and enoxacin (ENX) with human serum albumin (HSA) had been studied by molecular modeling method. Molecular docking revealed that both CTC and ENX bound to site I (subdomain IIA) of HSA through multiple interactions, such as hydrogen bonds, hydrophobic effect and polar force. Moreover, the systems' (CTC-HSA and ENX-HSA) Gibbs free energies (∆G) were -27.50kJ⋅mol -1 and -29.93kJ⋅mol -1 , respectively.
Introduction
Human serum albumin (HSA), the most abundant serum protein in blood plasma, plays a major role in the transport and deposition of many endogenous and exogenous drugs ligands in blood. A large variety of drugs bind with serum albumins and their effectiveness depends on how well they bind with the proteins. Due to the availability of hydrophobic pockets inside the protein network and the flexibility of the albumins to adapt its shape, serum albumin can increase the apparent solubility of hydrophobic drugs in plasma and modulates their delivery to cells in vivo and in vitro [1] . Therefore, it is very important to study the interaction of the ligands with HSA.
Chlorotetracycline, a tetracyclines antibiotic, is widely used for the treatment of primary and secondary infections in respiratory, digestive, urinary tracts and multisystem infection due to its broad-spectrum antibiotic activity. Enoxacin, a new fluoroquinolone human and veterinary antibiotic, which is widely used for the prevention and therapy of dermatological, respiratory and urinary diseases. Although the interactions of CTC and ENX with HSA have been studied by using multi-spectroscopic methods [2] [3], but molecular modeling, which can offer a molecular level explanation with the ability to estimate the participation of specific chemical groups and their interactions in complex stabilization, has not previously been reported. The aspect hinders our proper and comprehensive understanding of the interactions between CTC/ENX and HSA.
In the present work, molecular modeling technique was employed to demonstrate the interactions of CTC and ENX with HSA. The possible interaction sites of CTC-HSA and ENX-HSA systems were investigated, and the relevant structure and energies of the binding sites were determined through protein ligand docking studies. Molecular modeling studies were carried out by using DockingServer.
Molecular Modeling Study
Docking calculations were performed with DockingServer on a HSA protein model. The MMFF94 force field was used for energy minimization of the ligand molecule. Gasteiger partial charges were added to the ligand atoms. Non-polar hydrogen atoms were merged, and rotatable bonds were defined.
According to paper [4] , docking calculations and simulations were carried out on CTC and ENX with HSA protein model. The crystal structure of HSA was taken from the Protein Data Bank (entry PDB code 3LU7). The best energy ranked result is shown in Figure1. From Figure1 , it can be seen that CTC bound within the subdomain IIA of the protein, and the inside wall of the pocket of subdomain IIA is formed by hydrophobic side chains, whereas the entrance to the pocket is surrounded by positively charged residues consisting of Trp214, Lys199, Lys195, Arg218, Arg257 and His242. Thus we can conclude that CTC was able to fit well within the subdomain IIA hydrophobic cavity (see Figure1 (b) ). The docking result showed the existence of hydrogen bonds, hydrophobic and polar interactions between CTC and HSA (Table 1) , for example, N1 and O16 of CTC interacted with Arg222 through polar force. Furthermore, the distances were measured between the protons of CTC and the adjacent residues around the binding site. Active site residues within 5 Å to CTC included Ala 291, Arg222, Tyr150, Leu238, Leu219 and Ile290. The calculated binding Gibbs free energy (∆G) was -27.50kJ⋅mol -1 .
Results and Discussion

Molecular
Molecular Docking Study of the Interaction between ENX and HSA. The crystal structure of HSA was taken from the Protein Data Bank (entry PDB code 3LU7). The best energy ranked result is presented in Figure2. The docking result showed that ENX was located within the binding pocket of subdomain IIA of the protein, and ENX was adjacent to hydrophobic residues Leu219, Leu238, Leu260, Ile290, Ile264 and Ala291 of subdomain IIA of HSA. On the other hand, there were hydrogen bonds between O10 of ENX and the residues Lys199 of HSA; N18 and Ser287 ( Table 2 ). The hydrogen bonding between ENX and the side chains of amino acid residues in HSA could impact the formation of the C=O...HO−C intramolecular hydrogen bond, resulted in decrease in the polarity of these groups, which leaded to an increase in hydrophobicity and decrease in hydrophilicity. Moreover, the docking result showed the existence of polar interaction and halogen bond between ENX and HSA, for example, F17 of ENX interacted with Tyr150 through halogen bond. 
Conclusion
In this paper, we simulated the bindings of CTC and ENX with HSA by molecular modeling technique. Molecular docking result showed the details in the modeled CTC-HSA and ENX-HSA structures. CTC can interact with HSA in site I (subdomain IIA) through hydrogen bonds, hydrophobic and polar interactions, while ENX was located in subdomain IIA through hydrogen bonds, hydrophobic, polar interactions and halogen-bond. The study is helpful for understanding its effect on protein function during its transportation and distribution in blood.
